This paper presents a numerical study of natural convection cooling of water-Al2O3 nanofluid by two heat sinks vertically attached to the horizontal walls of a cavity subjected to a magnetic field. The left wall is hot, the right and the horizontal walls are insulated. Lattice Boltzmann method (LBM) is applied to solve the coupled equations of flow and temperature fields. This study has been carried out for the pertinent parameters in the following ranges: Rayleigh number of the base fluid, Ra = 10 3 to 10 5 , Hartmann number varied from Ha = 0 to 60 and the solid volume fraction of nanoparticles between  = 0 and 6%. In order to investigate the effect of heat sinks location, three different configurations of heat sinks are considered. Results show that the heat sinks positions greatly influence the heat transfer rate depending on the Hartmann number, Rayleigh number and solid volume fraction of nanoparticles.
INTRODUCTION
Natural convection in square enclosures has many engineering applications such as cooling systems of electronic components, solar collectors, thermal storage systems and nuclear reactor systems. Therefore, it is important to understand the thermal behavior of such systems when the natural convection is the dominant mode of heat transfer. The low thermal conductivity of conventional heat transfer fluids, commonly water, has restricted designers. Adding some solid nanoparticles with high thermal conductivity to the fluid is one of the ways to overcome this problem. The resulting fluid is a suspension of the solid nanoparticle in the base fluid which is called "nanofluid". The thermal conductivities of nanofluids are believed to be greater than the base fluid due to the high thermal conductivity of the nanoparticles. The Lattice Boltzmann Method (LBM) is an applicable method for simulating fluid flow and heat transfer [1] [2] [3] . This method was also applied to simulate Magnetohydrodynamic (MHD) and, recently, nanofluid successfully. Mejri et al. [4] [5] [6] [7] [8] studied the laminar natural convection and entropy generation in a square enclosure, with sinusoidal temperature distribution, filled with a water-Al2O3 nanofluid and is subjected to a magnetic field. Mahmoudi et al. [9] [10] [11] studied the effect of magnetic field and its direction on water-Al2O3 nanofluid filled cavity with a linear boundary condition, the results show that the magnetic field direction controls the flow and heat transfer rates in the cavity. Mahmoudi et al. [12] [13] studied MHD natural convection in a square cavity filled with nanofluid. The results show that adding nanoparticle increases the heat transfer rate. Mahmoudi et al. [14] applied the double-population Lattice Boltzmann Method to solve natural convection problem in an inclined triangular cavity filled with air. The found results show that the inclination angle can be used as a relevant parameter to control heat transfer.
MATHEMATICAL FORMULATION
A two-dimensional square cavity with two heat sinks vertically attached to the horizontal walls is considered for the present study with the physical dimensions as shown in the Fig. 1 . The temperatures Th and Tc< Th are uniformly imposed along the left vertical walls and the heat sinks. The right, top and bottom surfaces are assumed to be adiabatic. A magnetic field with uniform strength B0 is applied in the horizontal direction. The cavity is filled with water and Al2O3 nanoparticles.
The nanofluid is Newtonian and incompressible. The flow is considered to be steady, two dimensional and laminar, and the radiation effects are negligible. The base fluid and the nanoparticles are in thermal equilibrium, the nanofluids were assumed to be similar to a pure fluid and then nanofluid qualities were calculated and they were applied for the equations of the considered problem. The thermo-physical properties of the base fluid and the nanoparticles are given in Table 1 . The density variation in the nanofluid is approximated by the standard Boussinesq model. It is assumed that the induced magnetic field produced by the motion of an electrically conducting fluid is negligible compared to the applied magnetic field. Furthermore, it is assumed that the viscous dissipation and Joule heating are neglected. The classical models reported in the literature are used to determine the properties of the nanofluid:
Case I
Case II Case III Figure 1 . Geometry of the present study with boundary conditions
In the above equations,  is the solid volume fraction, ρ is the density, α is the thermal diffusivity, cp is the specific heat at constant pressure, k is the thermal conductivity and β is the thermal expansion coefficient. The viscosity of the nanofluid containing a dilute suspension of small rigid spherical particles and the thermal conductivity of the nanofluid can be modelled by [4] :
For the incompressible non isothermal problems, Lattice Boltzmann Method (LBM) utilizes two distribution functions, f and g, for the flow and temperature fields respectively.  i is the weighting factor for temperature.
D2Q9 model for flow and D2Q4 model for temperature are used in this work so that the weighting factors and the discrete particle velocity vectors are different for these two models and they are calculated with Eqs (11) (12) (13) 
The discrete velocities for the D2Q9 are defined as follows:
For D2Q4
The temperature weighting factor for each direction is equal to ' 1/ 4
. The discrete velocities for the D2Q4 are defined as follows:
The kinematic viscosity ν and the thermal diffusivity α are then related to the relaxation time by Eq. (14) (14) where cs is the lattice speed of sound witch is equals to
. In the simulation of natural convection, the external force term F appearing in Eq. (7) is given by Eq.(15) (1 )
The macroscopic quantities, u and T can be calculated by the mentioned variables, with Eq.(19-21).
Non dimensional parameters
By fixing Rayleigh number, Prandtl number and Mach number, the viscosity and thermal diffusivity are calculated from the definition of these non dimensional parameters.
where N is number of lattices in y-direction. Rayleigh and Prandtl numbers are defined as: The lowest intensity of the flow is obtained for the case I, whereas the flow intensity is almost the same for the other two cases. Thus, the positions of the heat sinks influence the flow intensity by the modification of the temperature distribution in the cavity. Fig.4a and b show the variation of the average Nusselt number along the hot wall respectively depending on Hartman number (Ra=10 5 ) and Rayleigh number (Ha=30) for  =0. For the three cases studied, the results show that the heat transfer rate increases with the increase of Rayleigh number and decreases with the increase of Hartmann number. Fig.4a show that for Ha < 15 the heat transfer rate is almost the same for the three cases studied. For Ha > 15, the lowest heat transfer rate is obtained for the case III, whereas the heat transfer rate is almost the same for the other two cases. For the case III, relative to the other cases, the heat sinks positions are far from the hot vertical wall, which explains the low heat transfer rate exchanged for the case III. Fig.4b show that for Ra < 10 5 the lowest heat transfer rate is obtained for the case III, while for Ra > 10 5 the heat transfer rate is almost the same for the three cases studied. Fig.4a and b indicates that the case I and II give the same average heat transfer rate along the hot wall. results show that for high Rayleigh numbers, the local Nusselt number has almost the same shape for the three studied cases. The heat transfer rate is produced mainly at the lower half of the hot wall. Also, the magnetic field tends to reduce the heat transfer rate. Fig.7 shows the effects of volume fractions on the average Nusselt number and the dimensionless average Nusselt number for Ra=10 3 and Ha=0. For the three studied cases, the heat transfer increases with the rise of volume fraction. The biggest heat transfer rate is obtained for case II and the dimensionless average Nusselt number has the same values for the three cases. 
CONCLUSIONS
In this paper the effects of the heat sinks, Rayleigh number, Hartmann number and solid volume fraction has been analyzed with Lattice Boltzmann Method. For the different configurations of the heat sinks, this study has been carried out for the pertinent parameters in the following ranges: Rayleigh number of the base fluid, Ra=10 3 -10 5 , Hartmann number between 0 and 60 and solid volume fraction from  =0 to 0.06. This investigation was performed for various mentioned parameters and some conclusions were summarized as follows:  A good agreement valid with previous numerical investigations demonstrates that Lattice Boltzmann Method is an appropriate method for different applicable problems.

The heat transfer rate decreases with the increase of Hartmann number and increases with increase of Rayleigh number.
The heat transfer rate linearly increases with the increase of the solid volume fraction of nanoparticles.
